A MIMO-OFDM wireless communication system is a combination of MIMO and OFDM Technology 
Introduction
Multiple transmit and receive antennas can be used to form multiple-input multiple-output (MIMO) channels to increase the capacity by a factor of the minimum number of transmit and receive antennas. Orthogonal frequency division multiplexing OFDM is an effective technique to mitigate inter-symbol interference that multipath delay may cause in a frequency selective environment [1, 2] . It is also evident that the combination of MIMO and OFDM produces a powerful technique for providing high data rates over frequencyselective fading channels.
For this case, MIMO-OFDM was introduced , where resulting major channel coding approach , which is space time frequency (STF) coding [3] . STFBC (space time frequency block coding) method combining ICI self-cancellation scheme and antenna, time, frequency diversity is studied to reduce ICI effectively. STFBC method using diversity technique can show excellent performance without the loss of bandwidth efficiency, compared with the other conventional methods, although it lowers the transmission speed. In space-time-frequency block coded orthogonal frequency division multiplexing (STFBC-OFDM), data symbols are encoded over several antennas, several symbol intervals, and several subcarriers. Thus, the influence of intercode interference (ICI) on STFBC-OFDM is smaller than that on space-time block coded OFDM (STBC-OFDM) under time selective fading and that on space-frequency block coded OFDM (SFBC-OFDM) under frequency selective fading. The first space time codes proposed by Tarokh V, Jafarkhani H, and Calderbank A.R. [4] for coherent systems over MIMO quasi static flat fading channels , by introduced their space time trellis coding technique and Alamouti introduced his STFBC techniques to improve link-level performance based on diversity [5] . OFDM has become more complex and time consuming in MIMO system utilizing maximum likelihood (ML) decoding, mainly due to the large size of the system constellation and the codeword structure and it become the second problems addressed in this paper. To overcome these problems, the LMLAC decoding techniques can be introduced as they can provide a satisfactory decoding performance in most cases and a simple method [6] .In this paper the LMLAC decoding techniques is introduced in STFBC whereby to achieve low-complexity. LMLAC decoding of orthogonal space time block codes brings the complexity involved in the application of such codes to implementable levels (even with higher order modulation schemes). Purposely, this paper is focuses on the study of identifying the performance and development of STFBC MIMO-OFDM by introducing the LMLAC decoder to enable maximum diversity order against Rayleigh fading channel, to obtain highest Eb/No, lowest noise based on BER.
This paper is organized in sections as follows: In section II, STFBC in MIMO-OFDM system with FO is discussed and have derived a different LMLAC decoding. In section III, simulation results will be analyzed in terms of BER and Eb/No performance. Finally, some concluding remarks are delivered in section IV.
Methodology

System Model
As illustrated in Fig. 1 , we focused on MIMO-OFDM system with M=2 Transmit and N=2 Receive antennas. Let the number of subcarriers in the OFDMmodulators as K. Using typical urban (TU) channel, the L-path quasi static Rayleigh fading channel model between each pair of transmit and receive antennas used in this system is six paths COST207. In the case of MIMO-OFDM, the repetition is done with r=2 where r is how many times the data is repeated. The interference cancellation modulation (ICM) is then applied to STFBC using the repeating scheme but the repeated symbols are signed-reversed to form a new data conversion subcarrier mapping scheme ICISC technique codeword as follows: 
Space Time Frequency Block Coding(STFBC)
The Space Time Frequency Block Codes (STFBC) that exploit both spatial, time and frequency diversity can be designed using Orthogonal Frequency Division Multiplexing (OFDM). Intermarried Interference (ICI) self-cancellation schemes were often employed in many OFDM systems as a simple and effective approach to suppress ICI caused by Carrier Frequency error (CFO). a space time frequency block coding technique MIMO-OFDM system with ICI selfcancellation of data conjugate method, which is capable of both error correction and ICI reduction produced by Frequency Offset (FO).
Space, time, and frequency are performed using space time (ST) code and space frequency (SF) code where the same symbols are transmitted through multiple antennas at different times and frequency. The encoding of STFBC is accomplished by the following [3] as shown in Fig. 2 where Ti (time slots), f (frequencies) and Ant (Antennas).
Figure 2. Coding in STFBC Method
When the channel is frequency selective, coding intelligently across the spatial, temporal and frequency domains results in a diversity order equal to the product of the channel order, the number of transmit and the number of receive antennas [7] . Coding for such channels is called Space-Time-Frequency Coding (STFC). In this paper, we deal with Space-Time-Frequency Block Codes (STFBCs). Now, let the MIMO channel is assumed to be constant over each OFDM block period, but vary from one OFDM block to another (Hirosaki, B., 1981). In the same manner, the received kth subcarriers are assumed to be perfectly sampled and the received signal at the receive antenna can be expressed as follows for the MIMO systems;
Space, time, and frequency is performed using ST code and SF code where the same symbols are transmitted through multiple antennas at different times and frequency. The encoding of STFBC is accomplished by the following (Weifeng Su, 2005) as shown in Figure 2 where Ti (time slots), f (frequencies) and Ant (Antennas).
The STFBC codeword has the form of,
In the case of MIMO-OFDM, the repetition is done with r=2 where r is how many times the data is repeated. The interference cancellation modulation (ICM) is then applied to STFBC using the repeating scheme but the repeated symbols are signed-reversed to form new subcarrier mapping scheme (ICI-SC technique) codeword as followed:
Applying the conjugate interference cancellation modulation (ICM) scheme to the repeating signal to reduce ICI, the codeword becomes:
By allocating a pair of complex signals, the phase different between two adjacent subcarriers varies with respect to the signal itself (Dung Ngoc Ðào, 2005). This method is called new data conjugate subcarrier mapping scheme (ICI-SC technique).
In the case of MIMO-OFDM, the repetition is done with r=2 where r is how many times the data is repeated. In the MIMO-OFDM systems, with subcarries, the coefficients from [8] is a constant with respect to subcarrier index k=0, where is the normalized frequency offset (NFO).
Three LMLAC decoding techniques are considered; namely the conventional combiner, maximum diversity combiner and orthogonal combiner. Different LMLAC decoding techniques have different pairs to combine the received signals and the average Eb/No with combination space time and space frequency is also different.
Conventional combiner
In conventional ML decoder, the received signals at times (T) and frequencies (F) k and k+1 for STFBC can be written as follows:-
by which the transmit symbol using maximum likelihood equations, S1 and S2 are given as (10)
The channel coefficient is whereas the value of m, n and k are indexes of transmitting antennas, subcarriers and time. Then, the pairs and 22) by which is the average energy of the transmit symbols, is the average power of the channel gain, is the average noise, is the complex gain at the value of i (time) and j (frequency), and is the normalized interference coefficient transmit symbols at i and j.
Maximum diversity combiner
We now propose a second technique to achieve performance of low complexity, with maximum diversity order. By using the same mapping method, the received signal for time domain pair are , and , , and for frequency domain pair are , and , . By employing the same method as in Eqs. (17) and (18) 
Orthogonal combiner
Next, we propose another technique known as orthogonal combiner. Let's substitute Eqs. (9) From the above pairs, the received signals for orthogonal combiner can obtain and respectively. The average Eb/No with the combination of space time and space frequency is as obtained below [8] ;
(24) At this stage, we can conclude that, in STFBC MIMO-OFDM, as the average Eb/No becomes higher, the noise in system become lower.
Simulation Results and Discussion
This section shows the simulation of the proposed STFBC design methods with the insertion of LMLAC Decoding. For this system, we use the six-path COST 207 (Jakes model) typical urban (TU) channel model [18] over a more realistic model. By using OFDM base, the simulation parameters are shown in Table 1 . The simulation results presented BER curves as functions of Eb/No as shown in Fig. 3 . Figure 3 , depicts the BER performance of STFBC with new data conjugate and data conversion subcarrier mapping scheme ICI-SC technique by using four types of subcarrier mapping compared at NFO=5%. BER for data conjugate improves at high Eb/No than conversion method for all decoding methods using new subcarrier mapping scheme. The data conjugate with maximum diversity combiner has the best BER performance compared to the other three decoding techniques because the system has a low decoding complexity system with optimal distance that can achieve maximum frequency diversity and less interference. For instance, at BER=2x10-2, the Eb/No value for maximum diversity combiner with data conjugate is 4.4 dB. The performance loss of data conjugate between maximum diversity combiner with conventional combiner, orthogonal combiner and ML decoding are about 2.1 dB, 4dB and 4.5 dB respectively. It is noticeable that the ML decoding performed worse than other techniques in linear combiner and performs the lowest value of Eb/No. It is also shown that maximum diversity combined with new data conjugate subcarrier mapping scheme ICI-SC technique from Eq. (2) Figure 4 shows that when the NFO is 0% at BER=3x10-2, the performance loss is about 0.9 dB for NFO=5%, 2.2 dB for NFO=15% and 6 dB for NFO=20% respectively. The value of Eb/No needs to be compensated for the effect of FO increases. The new data conjugate subcarrier mapping scheme from Eq. (2) at NFO=0% produces the best BER performance for all NFO in the system. It is proven that there is a significant improvement when the value of FO decreases in the system. The above simulation shows that the lower the FO the better performance of the system; which can increase the Eb/No and decrease the BER. If the FO decreases, the shift of BER curves with higher diversity order is larger than the shift of BER curves with lower diversity order. Therefore, the higher diversity order systems are more robust to the effect of FO. From the above simulation, the result confirm that the BER performance for a new subcarrier mapping scheme ICI-SC technique using maximum diversity combiner method produces ICI reduction in the system with low complexity decoding technique and can achieve maximum diversity order. 
Conclusions
In this paper, a new subcarrier mapping technique that is combined with LMLAC decoding techniques is proposed using STFBC MIMO-OFDM system. The simulation results have shown that the performance improvement of BER can achieve the objectives of this paper to study for ICI reduction methods with low decoder complexity and maximum diversity order system. These has proven that the proposed subcarrier mapping ICI-SC technique combined with maximum diversity combiner technique using STFBC can be considered as a promising candidate in the MIMO OFDM based system.
